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7KHLUZRUNV VKRZHG WKDW WKH UHOHDVH UHDFWLRQV RI HOLWH DUFKHUV DIWHU WKH FOLFNHU IDOOZHUH IDVWHU WKDQ EHJLQQHU DUFKHUV RU QRQ
DUFKHUV7KXVWKH\FRQFOXGHGWKDWWKHGHYHORSPHQWRIH[WHQVRUGLJLWRUXPPXVFOHDQGIOH[RUGLJLWRUXPVXSHUILFLDOLVFRRUGLQDWLRQ
ZHUHFULWLFDOLQRUGHUWRUHDFWHIILFLHQWO\WRWKHFOLFNHUIDOO
$SDUW IURPWKHIRUHDUPPXVFOHV7LQD]FLSXEOLVKHGDVWXG\ZKLFKFRUUHODWH WKHIRUHDUPPXVFOHDFWLYLWLHVZLWK WKHSRVWXUDO
VZD\RI WKHDUFKHU >@+HHVWDEOLVKHG WKDWFRRUGLQDWLRQRIVSHFLILFPXVFXODUVWUDWHJ\DLPLQJEHKDYLRUDQGSRVWXUDOVZD\FDQ
LQFUHDVHWKHDUFKHUVFRULQJSHUIRUPDQFH7KHLUZRUNVKRZHGWKDWWKHDFFHOHUDWLRQRIWKHDUPFDXVHGE\SRVWXUDOVZD\PD\FRQ
WULEXWHWRDQDUFKHU¶VVFRULQJSHUIRUPDQFH
*DQWHU HW DO GHYHORSHG WKUHHPHWKRGV WRPRQLWRU ERZPRYHPHQW IRUP WKUHH DUFKHUV 7KH\ KDYH XVHG DQ RSWRHOHFWURQLFV
V\VWHPD'YLGHRV\VWHPDQGD'YLGHRV\VWHP>@7KH\FRQFOXGHGWKDWRSWRHOHFWURQLFVGHYLFHDQG'YLGHRV\VWHPFDQQRW
EHXVHGLQFRPSHWLWLRQGXHWKHDGGLWLRQDOGHYLFHPRXQWHGRQWKHERZDQGWLPHFRQVWUDLQWWRVHWXSWKH'V\VWHP%RWKV\VWHPV
KRZHYHUZHUHYHU\XVHIXOLQPHDVXULQJLQGLYLGXDOWHFKQLTXHVGXULQJWUDLQLQJ
+RZHYHU WUDFNLQJ KXPDQ PRYHPHQW XVLQJ ZHDUDEOH HOHFWURQLFV GHYLFHV LV EHLQJ UHVHDUFKHG DFURVV DOO VSRUWV GLVFLSOLQHV
6SRUWV VXFK DV WHQQLV >@ VZLPPLQJ >@ FULFNHW >@ KDYH EHHQ XVLQJ ZHDUDEOH HOHFWURQLFV GHYLFHV WR DVVHVV DWKOHWH¶V
SHUIRUPDQFH7KHZHDUDEOHHOHFWURQLFVGHYLFHVW\SLFDOO\FRQVLVWRILQHUWLDOPHDVXUHPHQWXQLWWKDWLVFDSDEOHRIPHDVXULQJOLQHDU
DFFHOHUDWLRQUDGLDODFFHOHUDWLRQDVZHOODVWKHRULHQWDWLRQ7KHDQDO\VLVIURPWKHVHLQHUWLDOPHDVXUHPHQWXQLWVZRUQE\DQDWKOHWH
XVXDOO\JDYHWKHUHVHDUFKHULQVLJKWVRQWKHDWKOHWH¶VWHFKQLTXHGXULQJDWUDLQLQJVHVVLRQRUHYHQWKHDFWXDOFRPSHWLWLRQ
0HWKRG
,QWKLVSDSHUDVLPSOLILHGPHWKRGLVXVHGWRPRQLWRUWKHDUPPRYHPHQWRIWKHDUFKHU$FFHOHURPHWHUVZHUHVWUDSSHGWRERWK
ULJKWDQGOHIWDUPVRIWKHDUFKHU7KHKDQGZKLFKKDQGOHGWKHERZLVFDOOHGWKHERZDUPZKLOHWKHKDQGZKLFKSXOOHGWKHVWULQJ
LVFDOOHGWKHVWULQJDUP7KHSRVLWLRQRIWKHDFFHOHURPHWHUVZLWKLWVSRVLWLYHGLUHFWLRQLVVKRZQLQILJXUH)RUWKHERZKDQGWKH
PHDVXUHGDFFHOHUDWLRQLQ[D[LVLVSRVLWLYHLQDOHIWZDUGGLUHFWLRQZLWKUHVSHFWWRWKHDUFKHUDQGWKHPHDVXUHGDFFHOHUDWLRQLQWKH
]D[LVLVSRVLWLYHLQDEDFNZDUGGLUHFWLRQZLWKUHVSHFWWRWKHDUFKHU)RUWKHVWULQJKDQGWKHPHDVXUHGDFFHOHUDWLRQLQWKH[D[LV
DQG]D[LVLVSRVLWLYHLQWKHRSSRVLWHGLUHFWLRQVRIWKH[D[LVDQG]D[LVDFFHOHUDWLRQRIWKHERZKDQGUHVSHFWLYHO\+RZHYHUWKH
PHDVXUHGDFFHOHUDWLRQLQ\D[LVIRUERWKKDQGVLVSRVLWLYHLQWKHGRZQZDUGGLUHFWLRQZLWKUHVSHFWWRWKHDUFKHU
7KH JHQHUDWHG GDWD ZDV WUDQVIHUUHGZLUHOHVVO\ XVLQJ %OXHWRRWK 7KH GHYLFH DV VKRZQ LQ ILJXUH  LV SURJUDPPHG WR WDNH
VDPSOHVDWDERXW+]UDWH7KHPHDVXUHGDFFHOHUDWLRQGDWDZDVLQWHJUDWHGWRFDOFXODWHWKHYHORFLW\DQGWKHFDOFXODWHGYHORFLW\
ZDV LQWHJUDWHG DJDLQ WR FDOFXODWH WKH GLVSODFHPHQW RI WKH DUFKHUV¶ DUP7KLV FDOFXODWHGGLVSODFHPHQWZDVXVHG WR DQDO\]H WKH
PRYHPHQWRIWKHDUFKHUV¶DUP

)LJ7KHSRVLWLRQRIWKHDFFHOHURPHWHUVZLWKLWVSRVLWLYHGLUHFWLRQ
D E F
)LJ7KHDFFHOHURPHWHUXVHGLQWKLVH[SHULPHQWD,QVLGHYLHZE7RSYLHZF6LGHYLHZ
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
7ZRXQLYHUVLW\ OHYHOPDOH DUFKHUVZHUH LQYROYHG LQ WKLV VWXG\7KH\ZHUH XQGHU WUDLQLQJ WR UHSUHVHQW WKHLU XQLYHUVLW\ LQ D
1DWLRQDO8QLYHUVLW\*DPHV,QWKLVVWXG\DOODUFKHUVDUHULJKWKDQGHGDQGXVHGUHFXUYHGERZV%RWKDUFKHUVZHLJKDERXWNJ
DQGDERXWFP LQKHLJKWZLWK DW OHDVWRQH\HDU H[SHULHQFHFRPSHWLQJ LQXQLYHUVLW\ OHYHO FRPSHWLWLRQ(DFKDUFKHU VKRW VL[
DUURZVSHUIUDPHDQGWKUHHIUDPHVHDFK7KHUHIRUHHDFKDUFKHUVKRWVKRWVRIDUURZV7KHGLVWDQFHEHWZHHQWKHWDUJHWDQGWKH
DUFKHUZDVP(YHU\VFRUHIURPHDFKVKRWZDVUHFRUGHG
5HVXOWDQG'LVFXVVLRQ
7KH GLVWULEXWLRQ RI WKH VFRUH LV DV VKRZQ LQ ILJXUH  7KH KLJKHVW QXPEHU RI VFRUH VKRW LV HLJKW ZLWK VHYHQ WLPHV 7KH
PD[LPXPVFRUHRFFXUUHGIRXUWLPHVDQGWKHZRUVWVFRUHWZRWLPHV7KHVFRUHVZHUHFDWHJRUL]HGDVORZPHGLXPDQGKLJK7KH
ORZFDWHJRU\FRQVLVWVRIVFRUHVFRUHVFRUHDQGVFRUH7KHPHGLXPFDWHJRU\FRQVLVWVRIVFRUHVFRUHDQGVFRUH
ZKLOHWKHKLJKFDWHJRU\FRQVLVWVRIVFRUHVFRUHDQGVFRUH

)LJ'LVWULEXWLRQRIWKHDUFKHU
VVFRUH
7KH W\SLFDO GLVSODFHPHQW SDWWHUQV RI WKH ERZ DQG VWULQJ DUPV DUH VKRZQ LQ ILJXUHV  DQG ILJXUH  UHVSHFWLYHO\$ GLVWLQFW
IHDWXUH REVHUYHG LV WKH VXGGHQPRYHPHQW LQ DOO WKUHH D[HV RI ERWK WKH VWULQJ DQG ERZ DUPV XSRQ UHOHDVH RI WKH DUURZ 7KH
EHJLQQLQJRI WKH DLPLQJSKDVH LV LGHQWLILHGE\ WKH ] D[LV LQ D VWHDG\ VWDWH DIWHU D VLJQLILFDQWGURSRI WKH ERZDUPGXULQJ WKH
DQFKRULQJSKDVHDQGWKHVWULQJDUPULVLQJLQWKH[D[LVGXULQJWKHDQFKRULQJSKDVHEHIRUHVHWWOLQJLQDVWHDG\VWDWHDWWKHDLPLQJ
SKDVH7KHVHDUHWKHQIROORZHGE\WKHVXGGHQPRYHPHQWPDUNLQJWKHUHOHDVLQJSKDVH
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)LJ$W\SLFDOGLVSODFHPHQWSDWWHUQIRUERZDUP
4.1. Analysis of arm movement related to highest and lowest score. 
7KHDUPPRYHPHQWVGXULQJWKHKLJKHVWVFRUHRIWHQDQGORZHVWVFRUHRIWKUHHZHUHDQDO\]HG7KHDQDO\VLVZDVGRQHRQRQH
DUFKHUZKRVKRWVHYHUDO VFRUHRI WKUHHDQGVHYHUDOVFRUHRI WHQ7KHPRYHPHQWSDWWHUQVRIERWKDUPVDUHVLPLODUDV VKRZQ LQ
ILJXUHIRUWKHVWULQJDUPDQGILJXUHIRUWKHERZDUP
+RZHYHUWKHUHZHUHFHUWDLQFKDUDFWHULVWLFVWKDWGLIIHUHQWLDWHWKHPRYHPHQWSDWWHUQVRIWKHKLJKHVWDQGORZHVWVFRUHV)LUVWO\
WKHDPSOLWXGHRIWKHDUPPRYHPHQWGXULQJWKHUHOHDVLQJSKDVHRIVFRUHZDVVLJQLILFDQWO\KLJKHUWKDQWKHUHOHDVLQJSKDVHRI
VFRUHWKUHHHVSHFLDOO\LQWKH]D[LVIRUWKHVWULQJDUPDQG[D[LVIRUWKHERZDUP7KHKLJKDPSOLWXGHGXULQJUHOHDVHPD\LQGLFDWH
WKHVSHHGRIWKHDUFKHUDUPSXOOLQJDZD\IURPWKHVWULQJ$VORZSXOODZD\UHDFWLRQPD\KLQGHUWKHVWULQJWRODXQFKWKHDUURZ
SURSHUO\WKXVUHVXOWLQJLQDORZHUVFRUH
6HFRQGO\WKHDUPLQWKH\D[LVGLUHFWLRQPRYHGVOLJKWO\ODWHUWKDQWKHPRYHPHQWLQWKH[DQG]D[HVGLUHFWLRQVIRUVFRUH
FRPSDUHGWRDOPRVWVLPXOWDQHRXVPRYHPHQWLQDOOWKUHHD[HVGLUHFWLRQIRUVFRUHWKUHH$VLPXOWDQHRXVPRYHPHQWRIWKHDUPLQ
DOOWKUHHGLUHFWLRQVGXULQJWKHUHOHDVHVWDJHPD\FDXVHWKHERZWREHWLOWLQJDVWKHDUURZOHDYHWKHERZ7KHWLOWRIWKHERZZLOO
UHVXOWLQDSRRUVFRUHDVWKHDUURZZLOOIO\LQDQRIIFHQWHUWUDMHFWRU\WRZDUGVWKHWDUJHW
)RFXVLQJRQ WKHERZDUPGLVSODFHPHQW GXULQJ WKH DLPLQJSKDVH WKH DUPRVFLOODWLRQ LV OHVV IRU VFRUH WHQ FRPSDUHG WR WKH
DLPLQJSKDVHRIVFRUH WKUHHHVSHFLDOO\RQ WKH\D[LV7KHGXUDWLRQRI WKHDLPLQJSKDVH LVDOVRVLJQLILFDQWO\ ORQJHUIRUVFRUH
FRPSDUHGWRVFRUH7KHKLJKHURVFLOODWLRQRIWKHERZDUPFRXSOHGZLWKORQJHUDLPLQJGXUDWLRQPD\LQWURGXFHIDWLJXHLQWKH
DUFKHU¶VERZDUP7KLVPD\DIIHFWWKHSRWHQWLDOHQHUJ\VWRUHGLQWKHERZGXULQJDIXOOGUDZWKXVFRQWULEXWLQJWRDORZHUVFRUH

)LJ&RPSDULVRQRIVWULQJDUPPRYHPHQWSDWWHUQEHWZHHQVFRUHDQGVFRUH
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)LJ&RPSDULVRQRIERZDUPPRYHPHQWSDWWHUQEHWZHHQVFRUHDQGVFRUH
$V WKH UHOHDVH SKDVH LV FULWLFDO WKH PD[LPXP GLVSODFHPHQW DPSOLWXGH RQ UHOHDVH ZHUH DQDO\]HG 7KH DYHUDJH PD[LPXP
GLVSODFHPHQWRIWKHDUPPRYHPHQWRQUHOHDVHRIDOOD[HVLVWDEXODWHGDJDLQVWWKHORZPHGLXPDQGKLJKVFRUHVVKRZQLQ7DEOH
*HQHUDOO\WKHPD[LPXPGLVSODFHPHQWDPSOLWXGHVKRZVDQRSSRVLWHGLUHFWLRQEHWZHHQWKHERZDUPDQGWKHVWULQJDUPDFURVVDOO
D[HVH[FHSWIRUWKHPRYHPHQWLQ]D[LVWKDWUHVXOWHGLQPHGLXPVFRUH
)RFXVLQJRQWKHPRYHPHQWLQ[D[LVGLUHFWLRQWKHUHVXOWVKRZVWREHYHU\VLPLODUIRUORZPHGLXPDQGKLJKVFRUHZKHUHWKH
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